Observations of far-infrared transitions between excited states of OH by Harwit, M. et al.
. 
l , 
NASA Technical Memorandum 86722 Airborne Astronomy Program 
Medium Altitude MIssions Branch 
Prepnnt Senes 031 
NASA-TM-86722 19850027520 
Observations of Far-Infrared 
Transitions Between 
Excited States of OH 
Paul J. Viscuso, Gordon J. Stacey, 
Martin Harwit, M.R. Haas, 
E. F. Erickson, and 
P.B. Duffy 
SEP 3 0 '1985 
NI\5/\ 
National Aeronautics and 
Space Administration 
111111111111111111111111111111111111111111111 
NF00009 
https://ntrs.nasa.gov/search.jsp?R=19850027520 2020-03-20T17:11:07+00:00Z
NASA Technical Memorandum 86722 AIrborne Astronomy Program 
MedIum AltItude MIssIons Branch 
Preprint Series 031 
Observations of Far-Infrared 
Transitions Between Excited States 
of OH 
Paul J VISCUSO 
Gordon J. Stacey, 
Martm Harwlt, Cornell UnIversIty, Ithaca, New York 
M R. Haas, Mycol, Inc, Sunnyvale, California 
E. F. Erickson, 
P. B Duffy, Ames Research Center, Moffett FIeld, CalifornIa 
September 1985 
NI\S/\ 
National Aeronautics and 
Space Administration 
Ames Research Center 
Moffett Field, California 94035 
ABSTRACT 
In observations of the Kleinmann-Low Nebula of Orion we have 
detected 84.42 and 84.60 ~ transitions between the 2 IT3/ 2(J = 7/2) and 
2 rr3/ 2(J = 5/2) levels of OH with respective fluxes of 1.0:tO.3x10_ 17 
and 1.4±0.4x10_ 17 W cm- 2 • When compared to 119 JJll flux levels of OH 
(Watson 1982) and 163 \.f1l flux levels of these radicals by Viscuso ~ 
~ (1985) (a companion paper in this issue), these results suggest 
appreciable self-absorption of OH line radiation within the Nebula. It 
is probable that the CO emission due to the J = 31+30 rotational 
transition at 84.411 \.f1l makes a substantial contribution to the observed 
84.42 ~m flux, and that it also is at least partially absorbed at the 
84.42 11m OH transition frequency. 
The 88.55 and 88.78 \.f1l 2~1/2 (J = 9/2 to 7/2) transitions of CH 
also were sought, but yielded only 10 upper limits of ~3xlO-1B W cm- 2 
each. A search of W3-IRS5 yielded upper limits to the 84.42 un OH and 
87.19 ~m CO (J = 30 to 29) transitions of <2x10_ 1B W cm- 2• 
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I. INTRODUCTION 
Far-infrared studies of the Kleinmann-Low region of the Orion 
Nebula have shown that the OH gas cloud is heated sufficiently to emit 
both through the 119 um 2n3/2 (J = 5/2 to 3/2) transitions (Storey!! 
~ 1981, Watson 1982) and through the 163 um 2nl/2 (J = 3/2 to 1/2) 
line (Viscuso et al. 1985). Figure 1 shows the energy level diagram for 
the pertinent transitions. 
As discussed by Viscuso et al ., the gas temperature must be 
sufficiently high to readily excite the 2n1/2 (J = 3/2) level which 
has an excitation temperature of 270 K. Watson has interpreted the 119 
um flux in terms of the column density of OH required in the 
Kleinmann-Low Nebula, and finds a column density of 1.5xl016 cm-2 and a 
resonant scattering depth of T - 40 for an assumed Doppler width 
corresponding to 30 km sec~. The high flux observed by Viscuso et al. 
in the 163 um line then leads to the conclusion that the 119 urn line 
must also be quite strongly self-absorbed, a conclusion which points 
toward collisional de-excitation of the 2n3/2 (J = 5/2) state, to a 
molecular density of nH 2 - 7x106 cm- 3 , and a temperature Tgas - 103 
K in the region where OH is emitting the observed flux. These results 
have prompted us to observe other OH transitions in order to examine the 
validity of this picture. 
We also attempted to observe far-infrared CH and CO lines because 
of their importance in the interstellar gas-phase chemistry of carbon. 
II. OBSERVATIONS 
On the night of November 22-23, 1983, we observed Orion with the 
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NASA-Ames far-infrared cooled grating spectrometer (CGS) mounted on the 
Kuiper Airborne Observatory's 91-cm, bent-Cassegrain tel escape. The CGS 
is described elsewhere (Erickson et al. 1984). The telescope was 
painted at the Beckl in-Neugebauer source with an accuracy of - 10", and 
we observed through a 4-mm circular aperture which defined a 1-arc 
minute field of view on the sky. The chopper was adjusted to provide a 
41 threw of our beam. Direct observations of the 87 ~m continuum gave a 
half-power width of roughly 1~3. Spectra were taken at the continuum 
wavelength 87.08 ~rn; at 84.42 and 84.60 ~m where the 2rr3/2 (J = 7/2 to 
5/2) transitions of OH were expected; and at 88.5 and 88.78 ~rn where the 
2n3/2 (J = 9/2 to 7/2) transitions of CH occur. Later in the same 
flight we also observed W3-IRSS at 87.08 ~m, 84.42 ~m and at the 87.19 
~m CO (J = 30 to 29) transition. 
The spectrometer had a six-element array of detectors separated by 
0.0184 um. The actual resolution of the instrument was 0.025 um so that 
the spectra were 51 ightly oversampl ed. Five of the six detectors were 
working reliably during the flight. At each wavelength setting the 
gratings were positioned so that most of the line radiation fell on the 
thlrd detector in the array. ihe flux registered by that detector was 
then compared to the mean continuum flux reglstered by the other four. 
Spectra were corrected for relative detector response by ratioing 
to spectra of the continuum around 87 urn. This spectral reglan is 
expected to be free of atmospheric and astronomical features. Absolute 
flux calibrations were obtained by multiplying ratiaed soectra by an 
assumed conti nuum fl ux density of 1.2x lOS Jy for a SO" beam (Eri ckson ~ 
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~ 1981). The resulting measurements of the lines are shown in Fig. 2. 
Table 1 summarizes our results. These measurements were obtained in 
integration times of one to two minutes per line. The predicted and 
observed wavelengths agree to within one part in 4000, which gives us 
added confidence in the detections reported here. The above errors 
include a ±20% contribution from the estimated uncertainty in flux 
calibration, and correspond to an in-flight system NEP of - 1.6xl0_13 
Watt Hzl/2. 
On W3-IRS5 we followed the same procedure of comparing spectral 
regions containlng expected line radiation, with the 87.08 ~m band, 
expected to be devoid of lines. No lines were detected. The relative 
detector response calibrated on M42 was used in establishing the upper 
limits for OH and CO recorded in Table 1. 
III. DISCUSSION AND CONCLUSIONS 
The observed OH emission at 84.42 and 84.60 urn corresponds to a 
photon flux of order 5000 photons cm-2 sec-1 in each of the lines. This 
is the same as the photon flux reported by Watson for the 119 urn 
transitions. If collisional excitation and radiative de-excitation were 
the only mechanisms at play in the Nebula, we would expect the lower 
transitl0n to show an appreciably higher photon flux than the upper 
one. This is because the 2rr3/2 (J = 5/2) level is populated by 
collisions and by radiative transitions down the 2rrl/2 and the 
2rr 3/2 1 adders. That the 84 and 119 ilm 1 i nes have comparabl e photon 
fluxes suggests that the 119 urn radiation is self- absorbed. The 
2rr3/2 (J = 5/2) level is less populated than the J = 3/2 ground state, 
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hence self-absorption and collisional de-excitation of the 84 un 
radiation is less likely than for the 119 un radiation 
et al. argue for some self -absorption at 84 un as well. 
though Vi scuso 
The apparent similarity in line strengths at 84.42 and 84.60 un may 
be due to a mechanism described by Viscuso et al., as follows: We 
expect a contribution at 84.41 un from the (J = 31 to 30) transition of 
rotationally excited CO (Watson 1982), and our spectral ~esolution is 
inadequte to resolve this line from the shorter wavelength OH transition 
at 84.42 ~m. However, the 2rr3/2 (J = 7/2) negative-parity state is 
coll is ionally exci ted 1.5 times as frequently as the pos itive -pari ty 
state. In the absence of other effects the 84.6/84.4 un 1 ine ratio 
mlght be expected to be - 1.5. Moreover, the Doppler broadening of 
these lines (Watson 1982) is expected to be comparable to their 
separation of -32 km sec-l. It appears to us, therefore, that a Bowen 
resonance fluorescence mechanism (Osterbrock 1974) might additionally be 
in operation here: if the CO and OH emission originates in the same 
region, then some of the CO emission at 84.41 un could be absorbed by OH 
molecules in the 2rr3/2 (J = 5/2) state because of the higher optical 
depth of the OH transitlon. The observer would merely be seeing a line 
strength characteristic of the gas temperature in the broadened, 
optically thick OH line. 
Finally, we would like to acknowledge a private communication from 
Dr. Dan Watson after this paper was completed. He reports that the 
Berkeley group has also obtained comparable line strengths for the 
84.42 and 84.60 ~m transitions. 
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Table 1. Line Radiation Observed in M42 and Upper Limits for W3-IRS5 
Line Flux and 
Source Wavel en~th Mol ecul e Transition Uncertainty 
M42 84.42 um OH 
ZTI 3/ 2(J=7/2 to 5/2) 
10±3x 10_18 W cm-2 
84.60 OH 14 ± 4 
88.55 CH 
zTI 3/2(J=9/2 to 7/2) 
<3 ± 1.5 
88.78 CH <3 ± 1.5 
W3-IRS5 84.42 OH z TI 3/ 2(J=7/2 to 5/2) <2 ± 1 
87.19 CO (J=30 to 29) <2 ± 1 
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FIGURE CAPTIONS 
Figure 1 - Level diagram for OH, after Brown et ale 1982. 
Figure 2 - Plots of the observations at 84.42 and 84.60 ~m. The sloping 
baseline is due to differences in the instrumental 
response at 84 and 87 ~m. 
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